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We, NoDA Institute for Scientific 
Research, an incorporated body organised 
under the laws of Japan, of 339, Noda, Noda- 
shi, Japan, do hereby declare the invention, 
5 for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

The present invention relates to a metliod of 
10 producing a proteolytic enzyme by use of black 
Aspergillus type molds. 

The present invention is an improvement of 
a method of U.S. Patent No. 2,848,371. 
Concerning the formation of protease by 
15 use of Aspergillus molds, there have heretofore 
been various researches on proteases having 
activity in neutral to alkaline ranges. As for 
the formation of protease having activity and 
optimum pH at approximately 3 .0, and having 
20 resistivity to acid, the amount produced is 
smaller and the distribution of the molds pro- 
ducing the same is narrower. 

There has been little systematic investiga- 
tion until now on the formation of protease 
25 having optimum pH approximately at 3.0 and 
having resistivity to acid, excepting that 
Gorbach et al have reported the formation of 
a protease by a cultivation in liquid of 
Aspergillus nigcr having optimum pH at 
30 approximately 4.9. (See G. Gorbach and O. 
G. Koch^ Arch, fiir Alikrobiologie 23^ 265 and 
284 (1955)). 

The present inventors have discovered after 
systematic investigations of cultivating condi- 
35 tions for the production of the acid-resisting 
protease by use of black Aspergillus type molds 
belonging to Kuro-Koji mold group. (See 
Sakaguchi, lizuka, and Yamaguchi, J. Applied 
Mycology (Univ. of Hokkaida), 3, 54 (1949); 
40 Ibid. 3, 97 (1950); and 4, I (1950); Journal 
of the Agricultural Chemical Society of Japan 
2^3 138 (1951)) that the production of the acid- 
resisting protease by use of black Aspergillus 
type molds can be greatly increased, for ex- 
[Price 4s, 6d.] 



ample by 40 to 90%, compared with the con- 
trol. 

The positions of the molds in the classifica- 
tion of Aspergillus will be understood from 
the follov/ing Table. 

(K. Sakaguchi, H. lizuka and S. Yamazaki: 
J. Agr. Chem. Soc, Japan, vol. 24, 138, 1951; 
and H. lizuka: J. General and Applied Micro- 
biology, vol. 1, No. 1, 10, 1955). 

(1) Conidial wall with coloured bars when 
mature A. niger group. 

(1) Conidial wall smooth, rough or rarely 
echinulate Kuro-Koji mold group. 

(2) Colonies black (3) 



(2) Colonies with brown or olive shades- 

(3) Assimilate nitrites"^ (4) 

(4) 1st sterigmata over 30/'. — 
Saito. 

(4) 1st sterigmata 13 — ^25u — — 

(5) Yellow pigment produced — • 
nov. sP. 



45 



50 



55 



60 



-A. batatae, 



-(5) 



-A. usamii 65 



A. 



(5) Yellow pigment not produced ■ 
usamii var. R — 17 nov. var. 

(3) Do not assimilate nitrites (6) 

(6) 1st sterigmata 15 — 23,a, conidiophore 70 
2 — 3mm. or more A. saitoi nov. sP. 

(6) 1st sterigmata up to 16u, colonies some- 

%vhat mummy brown A. saitoi var. R — 16 

nov. var. 

(6) 1st sterigmata 10 — 13,u, conidiophore 75 

under 1.5 mm., conidial head crowded 

A. saitoi var. ICagoshima nov. var. 

*The assimilation of nitrites has been tested 
bv the use of the media; sucrose, 30 gr.: 80 
NaNO,, 1.5 gr.; K.HPO^, 1 gr.; KCl, 0.5 
gr.: MgSO, .7H.0, 0.05 gr.; FeSO.„ 0.05 
gr.; in distilled water 11. The species which 
assimilate nitrites grow readily in 1 — 2 days 
at 30 — 35^ C, while the non-assimilating 85 
species show none or only scanty growth in the 
upper part of the agar slant even after 5 — 10 
days. 
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(7) Colonies wit±t olive shades, assimilate 
nitrites (8) 

(8) Sterigmata mostly in double series but 
often mixed with single series in the same 

5 heads, 1st sterigmata 5/^ ^A. inuii nov. sP. 

(8) Sterigmata in double series ordinary 

A. inuii var. K — 19 nov. var. 

(8) Conidiai heads scanty A. inuii var. 

R — 7 nov. var. 

10 (7) Colonies with olive shades, assimilate 
nitrites (8) 

(9) Assimilate nitrites ^A. aureus Nakaz- 

awa, A. aureus var. minor -Nakazawa et Shimo, 
A. awamori var. fumeus Nakazawa et Shimo, 

15 A. aureus F. sP. R— 2. 

(9) Do not assimilate nitrites (10) 

(10) Yellow-orange pigment produced in 
mycelium, conidiai heads not seen in ordinary 
colonies ^A. nakazawai nov. SP. 

20 (10) Yellow-orange pigment not produced 

^A. av/amori Nazawa et Shimo. A. 

awamori var. minimus Nakazawa et Shimo, 
A. awamori var. piceus Nakazawa et Shimo, 
A. awamori var. fuscus Nakazawa et Shim_o, 

25 A. aureus var. acidus Nakazawa et Shimo, 
A, awamori var. mirinus Nakazawa et Shimo^ 
A. awamori F. sP. R— 5, R— 9, H— 2 and 
R— 1. 

According to the present invention the pro- 
30 duction of an acid-resistant protease having an 
optimum pH for milk casein digestion of 
approximately 2.7^ by cultivation of a mold of 
black Aspergillus type, is considerably in- 
creased by adding an inorganic nitrogenous 
35 source compound to the cultivation medium. 

The cultivation is preferably carried out at 
a temperature of 30^ C. for a period of at 
least 60 hours, and the medium may be solid 
or liquid, in the latter case the pH of the 
40 medixim during the cultivation should be kept 
in the range 2.5 to 6.0. 

Suitable molds are aspergillus usamii and 
Aspergillus Saitoi, for which the C/N ratio 
of the medium is advantageously below 3.2; 
45 Aspergillus aureus and Aspergillus atvmnorij 
for which the C/N ratio of the medium is ad- 
vantageously approximately 5; and Aspergillus 
Inuii and Aspergillus Nakamtvai for which the 
C/N ratio of tiie medium is advantageously 
50 approximately 8. 

Preferred inorganic nitrogen source com- 
pounds are ,NH,Ci, (NH^)oSO.„ NH,NO,, 
NH,HoPO„ (NH,):3HP0„ NaNO^ and KNO„ 
and these are desirably employed the propor- 
55 tion by weight of 0.5% to 5% based on the 
weight of basal solid medium : the ammonium 
salts the preferred proportion is 0.25% to 3%, 
for the inorganic nitrates 0.5% to 3%. 
The invention v/ill now be described in 
60 greater detail by way of example, with refer- 
ence to the accompanying drawings. 

Strains employed in the following examples 
are of Kuro-Koji mold group preserved in the 
Institute of Applied Microbiology^^ University 
65 of Tokyo, of Aspergillus fiavasoryzae preserved 



in the Arima Research Laboratory, University 
of Tokyo, and of Aspergillus sojae preserved 
in the Noda Institute for Scientific Research. 

Enzymatic solution for solid cultivation is 
made as follows: Five grams of wheat bran 70 
is added to 3.5 ml. of water^, and sterilized 
under pressure in the conventional manner. 
Ihe bran is then inoculated with a strain of 
a mold and incubated at 30° C. for about 64 
hours. After extraction with 50 ml. of aqueous 75 
hydrochloric acid (pH 2.7) and filtration, the 
filtrate is diluted with N/10 acetate buffer 
(pH 2.7) up to ten times of the voltime to 
make an enzymatic solution. In the ensuing 
description the amount of inorganic nitrogen 80 
source compound added to the basal culture 
medium of wheat bran will be expressed as 
weight % based upon the weight of the wheat 
bran. 

Enzymatic solution for liquid cultivation 85 
(submerged) is made as follows : Three grams 
of a mixture of wheat bran and defatted soy- 
beans are added to 100 ml. of water in a 500 
ml.-content shaking fiask and sterilized under 
pressure in the conventional manner. The mix- 90 
ture is inoculated with a strain of a mold and 
incubated at 30^ C. on a shaking machine 
operated at 140 reciprocations per min. After 
incubation for a definite period of time, the 
mixture is filtered, and the filtrate is diluted 95 
with. N/10 acetate buffer (pH 2.7) up to ten 
times of the volume to make an enzymatic 
solution. 

The protease assay of the enzymatic solution 
in the invention is carried out as follows: The 100 
enzymatic solution containing the protease is 
made to act on a substrate of 2% milk casein 
(Hanmiarsten) at 30° C. for 10 min., accord- 
ing to the modified Anson's method. After 
removal of the precipitate formed by trichloro- 105 
acetic acid by filtration, the filtrate is added 
to 1 ml. of Folin's reagent and the color which 
appears is colorimetrically measured at 660 
mv by use of a photometer (Hitachi Ltd., 
BPO— B type), showing as AO.D. 1 10 

After preliminary experiments, it was found 
that 50 to 70% of moisture content and culti- 
vation conditions at temperature of 30^ C. for 
62 to 64 hotu*s are adequate for the solid cul- 
tivation. Also, the relationship between the 115 
amount of the acid protease formed and the 
proportion of wheat bran to defatted soybeans 
was determined in the cultivation in liquid 
(submerged), for determination of the basal 
medium for various strains belonging to Kuro- 120 
Koji mold group. The results are shown in 
Figure 1. These experiments show that 
Aspergillus Usamii, Aspergillus Saitoi and 
others prefer nitrogen source in a more con- 
centrated state, Aspergillus Inuii, Aspergillus 125 
Nakazawai prefers nitrogen source in a com- 
paratively lower concentration, and Aspergillus 
aureus, Aspergilkis awamori, and others prefer 
nitrogen of the intermediate concentration. 

Now, the effect of the addition of various 130 
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kind of nitrogenous compounds on formation 
of tlae acid protease of black Aspergillus type 
molds, according to the present invention, will 
be set forth below. 

5 Figure 2 is a graph showing the effect of 
the addition of various kind of nitrogeneous 
compounds on formation of the acid protease 
by use of Aspergillus Saitoi in a solid cultiva- 
tion. This experiment teaches that addition of 

10 various kind of nitrogeneous compounds re- 
markably increases formation of the acid pro- 
tease, that the preferable C/N ratio of the 
medium (ratio of carbon % to nitrogen % in 
the medium) somewhat varies according to the 

15 kind of nitrogenous compound, but it may 
generally be approximately 8.5, and that in- 
organic nitrogenous sources, such as nitrates 
and ammonium salts, are exceedingly effective 
in promoting the protease formation even when 

20 present in comparatively small amounts. Thus, 
use of an inorganic nitrogenous source seems 
to be materially advantageous from economical 
points of view, over use of an expensive 
organic nitrogenous source. 

25 Outside of the nitrogenous compounds, some 
of potassitmi salts, calcium chloride, and others 
seem to be slightly effective, but various carbon 
sources and various metallic salts are rather 
inhibitory to the formation of the protease. 

30 Figure 3 is a graph showing the variation of 
the amount of the acid protease formed as time 
elapses, in the cases where 0.5% of sodium 
nitrate and 1% of ammonium chloride are 
respectively added. 

35 There have been few reports that teach 
the efficacy of the addition of inorganic nitro- 



genous^ sources in solid cultivation for the 
formation of the acid protease. Sakamoto et al 
aione, have found that addition of ammonium 
sulfate increased the formation of the enzyme 40 
in the case of Penicillium, i.e. by 122% based 
upon the control. (See J. Fermentation 
Technology 35, 386 (1957)). 

In the following Table 1, typical strains of 
black Aspergillus type molds belonging to 45 
Kuro-Koji mold group are listed, v/hich give 
remarkably increased acid protease formation 
by addition of the inorganic nitrogenous source. 

Table 1. Typical strains giving increased 50 
formation of the acid protease by 
addition of an inorganic ammonium 
salts or nitrates. 
Aspergillus Usamii (ATCC No. 14331) 
Aspergillus Saitoi (ATCC No. 14332) 55 

Aspergillus Inuii (ATCC No. 14333) 

Aspergillus aureus (ATCC No. 14334) 

Aspergillus awamori (ATCC No. 14335) 
Aspergillus Nakazawai (ATCC No. 14336) 

Further, the effects of inorganic nitrogen 
compounds on the formation of various kinds 
of proteases by use of black Aspergillus molds 
belonging to Aspergillus Saitoi, Aspergillus 
molds belonging to Aspergillus oryzae-jlavus, 65 
and other Aspergilii, are shown in Table 2. 
As seen from the table, addition of an inorganic 
nitrogen source does not increase acid pro- 
tease in Aspergilii other than black Aspergillus 
molds, but increases alkaline protease of pH 70 
7.5. 
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Table 3 



Effect of concentration of inorganic nitrogen compounds in the medium 
to acid protease formation by use of Asp. Saitoi 
(30" 87 hr., 140 r.p.m.) 



Addition of 

Nitrogen 

Compounds ('^o) C/N 



Ammonium Chloride 



Sodium Nitrate 



pH 



Protease Yield % 



C/N 



pH Protease Yield % 



Control 0 

0.25 

0.5 

1.0 

1.5 

2.0 

Defatted Soybean 
0.5 

1.0 



3.15 
2.18 
1.60 
1.07 
0.80 
0.64 

2.70 
2.39 



4.7 
4.7 
4.5 
4.5 

4.6 
4.8 

3,8 

3.6 



0.268 
0.324 
0.372 
0.416 
0.424 
0.412 

0.235 
0.229 



100 
128 
139 
155 
158 
154 

87.7 
85.4 



2.41 
1.95 
1.42 
1.17 
0.91 



4.3 
4.5 
4.0 
4.6 
4.3 



0.252 
0.322 
0.380 
0.396 
0.378 



94 
120 
142 
148 
141 



The C/N ratio in the medium used in the 
experiment is far lower than that known here- 
tofore (namely the medium containing much 
more concentrated nitrogen). It is found from 
the experiment that the maximum yield is 
obtained when 1% of ammonium chloride or 
sodium nitrate is added to the basal medium 
containing a concentrated organic nitrogen 
source^ compared with the control. 

When excieated (defatted) soybeans, one of 



the organic nitrogenous sources, is added to 
the control^ the yield is lower than in the 
control. 

The formation of acid protease in the fore- 15 
going basal media (G/N ratio is 3.2) added 
'vitli each 1% of various kind of organic 
ammonium salts and nitrates is investigated 
by shaking cultivation for 63 hours and 87 
hours. The results are set forth in Table 4. 20 
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Table 4 



Effect of various kinds of inorganic nitrogen compounds (1%) added to the medium 
to add protease formation by use of Asp. Saltoi 
(30 C, 140 r.p.m.) 



Nitrogen 
comp- 



63 hr. 



Protease 



C/N 



pH 



O.D, 



Yield 



pH 



87 hr. 



Protease 



O.D. 



Yield 



Control 



NH^Cl 



(NH,),SO, 

NH4NO3 

(NH4)H2PO, 

(NHJ^HPO^ 

NaNOg 

KNO3 

NH4-citrate 

NH4-tartrate 



3.15 
1.07 
1.22 
0.87 
1.65 
1.22 
1.42 
1.55 
1.64 
1.48 



3.5 

4.3 
3.9 
4.1 
3.6 
4.0 



0.150 
0.261 
0.229 
0.199 
0.181 
0.058 



100 
174 
153 
132 
124 
39 



3.8 
4.2 



0.067 
0.018 



44 
743 



3.9 
4.7 
4.4 
4.8 
4,1 
3.6 
4.1 
4.0 
3.8 
4.2 



0.181 
0.334 
0.275 
0,328 
0.330 
0.282 
0.269 
0.239 
0.244 
0.246 



100 
174 
138 
165 
166 
142 
149 
132 
122 
124 



10 



The experiment shows that addition of each 
of the ammonium salt increases the formation 
of acid protease even within a short cultiva- 
tion period, and that addition of every in- 
organic nitrogenous source gives 40 — 80% 
increased yields after 87 hours cultivation. 

Figure 4 is a graph showing variation of the 
amount of acid protease formed with time, for 
a 1% addition of an ammonium salt and of a 
nitrate. 



Various types of mold belonging to Kuro- 
Koji mold group are cultivated in a liquid 
medium under the afore-said optimum culture 
condition having a lowered C/N ratio by addi- 
tion of inorganic nitrogen sources. The results 
for formation of acid protease are shown in 
the following Table 5. 
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pH reached after about 40 hours is controlled 
so as not to be lower than 2.5, and that the 
cultivation after about 40 hours is carried out 
witliin the pH range of 2.5 to 6.03 within 

5 which the acid protease of black Aspergilli 
is stable 
WHAT WE CLAIM IS : — 
1. In the production of protease having 
resistivity to acid and having an optimum 

10 pH for milk casein digestion at approximately 
2.7 by cultivation of a mold of black Asper- 
gillus type, the improvement comprising 
adding an inorganic nitrogenous source com- 
pound to the cultivation medium. 

15 2. The improvement according to the claim 
1, wherein said cultivation is a solid cultiva- 
tion which is carried cut at about 30^^ C. for 
at least 60 hours. 

3. The improvement according to the claim 
20 ly wherein said ctiltivation is a cultivation in 

liquid which is carried out at about 30° C. for 
at least 60 hours, the pH during said cultiva- 
tion being kept in the range of 2-5 to 6.0. 

4. The improvement according to the claim 
25 3, wherein the mold of black Aspergillus type 

is selected from the group consisting of 
Aspergillus Usafnii and Aspergillus Saitoi^ and 
the G/N ratio of the medium is below 3.2. 

5. The improvement according to the claim 
30 3, v/herein the mold of black Aspergillus type 

is selected from the group consisting of 
Aspergillus aureus and Aspergillus awamori, 
and the C/N ratio of the medium is approxi- 
mately 5. 

35 6. The improvement according to the claim 



3, wherein the mold of black Aspergillus type 
is Aspergillus Inuii and Aspergillus Nakazawai, 
and the' C/N ratio of the medium is approxi- 
mately 8. 

7. The improvement according to the claim 40 
1, v/herein said organic nitrogenous source 
compound is selected from the group consist- 
ing of NH.CI, (NHOsSO,, 
NH,H2P0,, (NHJ^HPO., NaNO, and KNO,. 

8. The improvement according to claim 2, 45 
v/herein the amount of said inorganic nitro- 
genous source compound added is 0.5 % to 5 % 
based upon the weight of the basal solid 
medium. 

9. The improvement according to claim 3, 50 
wherein said inorganic nitrogenous source 
compound added is an inorganic ammonium 
salt in amount of 0.25% to 3 % based on the 
weight of the basal solid medium. 

10. The improvement according to the claim 55 
3, wherein said inorganic nitrogenous source 
compound added is an inorganic nitrate in 
amount of 0.5% to 3% based on the weight 

of the basal solid medium. 

11. A method of producing protease, having 60 
high resistivity to acid and having an optimum 

pH for milk casein digestion at 2.7, substanti- 
ally as herein described with reference to the 
drawings. 

12. Protease whenever produced by a 65 
method according to any of claims 1 to 11. 

For the Applicants: 
LLOYD WISE, BOULY & HAIG, 
Chartered Patent Agents, 10 New Court, 
Lincoln's Inn, London^ W.C.2. 
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